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THE INFORUM-IIASA INTERNATIONAL SYSTEM OF 
I  NPUT-OUTPUT MODELS 
ABSTRACT 
Today's economies depend heavi ly on one another through i n t e r -  
na t iona l  t r ade .  To model them properly,  the  models need t o  depend 
on one another .  For the models t o  work toge the r ,  they m u s t  observe 
s imi la r  conventions for  input and output of d a t a ,  and ways of 
specifying a l t e r n a t i v e  f u t u r e s  m u s t  be s i m i l a r .  A t  the  same time, 
economies a re  very d i f f e r e n t  and the  models descr ib ing  them m u s t  
have much freedom for  d i v e r s i t y  i n  i n t e r n a l  s t r u c t u r e .  
These simple ideas a re  the foundation of a  gradual ly  evolving 
consortium of input-output models and t h e i r  bu i lde r s .  By working 
toge the r ,  much time can be saved by avoiding r e p e t i t i o u s  program- 
ming and very l i t t l e  freedom l o s t  i n  model s p e c i f i c a t i o n .  What 
could never be done by one group may perhaps be accomplished 
together .  
Models a r e  p resen t ly  ava i l ab le  for  Japan, the United S t a t e s ,  
Canada, Belgium, France, the Federal Republic of Germany, and Bri- 
t a i n .  Models of Hungary and theNetherZands a r e  under cons t ruc t ion .  
Groups i n  Aus t r i a ,  South Korea, Sweden, Finland, and the  German 
Democratic Republic expect t o  begin work on members of the  family 
i n  the  near fu tu re .  
T h i s  paper desc r ibes  the  s t e p s  i n  t h e  cons t ruc t ion  of a  
na t iona l  model i n  t h i s  family; i t  expla ins  how scenar ios  may be 
spec i f i ed  and shows t y p i c a l  s t r u c t u r e s  of the  r e a l  and the  p r i c e  
s i d e s  of these  models. The plan fo r  the  i n t e r n a t i o n a l  l ink ing  sys- 
tem is  explained and progress  towards i t s  r e a l i z a t i o n  descr ibed.  

THE INFORUM-IIASA INTERNATIONAL SYSTEM OF 
INPUT-OUTPUT MODELS 
An i n p u t - o u t p u t  mode l  o f  o n e  c o u n t r y ,  n o  m a t t e r  how p e r f e c t ,  
i s  a l w a y s  i n c o m p l e t e ,  f o r  e x p o r t s  a n d  i m p o r t s  d e p e n d  o n  d e v e l o p -  
m e n t s  i n  o t h e r  c o u n t r i e s .  J u s t  as  t h e  e c o n o m i e s  o f  n a t i o n s  d e p e n d  
o n  o n e  a n o t h e r  t h r o u g h  i n t e r n a t i o n a l  t r a d e ,  s o  m o d e l s  o f  t h o s e  
c o u n t r i e s  n e e d  t o  b e  c o n n e c t e d  b y  a t r a d e  m o d e l .  B u t  f o r  n a t i o n a l  
m o d e l s  t o  b e  c o n n e c t e d  t o  o n e  a n o t h e r ,  t h e r e  m u s t  be s i m i l a r i t i e s  
i n  t h e  o u t p u t  o f  t h e  m o d e l s ,  a n d  t h e  i n p u t  c o n v e n t i o n s  m u s t  be s u f -  
f i c i e n t l y  a l i k e  f o r  o n e  p e r s o n  t o  be ab le  t o  r u n  t h e m  a l l .  On t h e  
o t h e r  h a n d ,  e c o n o m i e s  d i f f e r  i n  w h a t  t h e y  p r o d u c e ,  how t h e y  f u n c -  
t i o n ,  and  -- p e r h a p s  m o s t  o f  a l l  -- i n  t h e  s t a t i s t i c a l  s y s t e m  u s e d  
t o  d e s c r i b e  them;  t h e  m o d e l s  m u s t  b e  f l e x i b l e  e n o u g h  t o  accommoda te  
t h e s e  d i f f e r e n c e s .  
T h e s e  t h r e e  p o i n t s ,  
* c o n n e c t i o n  t h r o u g h  i n t e r n a t i o n a l  t r a d e  
* s i m i l a r i t y  i n  i n p u t  a n d  o u t p u t  c o n v e n t i o n s  
* f r e e d o m  f o r  d i v e r s i t y  i n  i n t e r n a l  s t r u c t u r e  
f o r m  t h e  f o u n d a t i o n  f o r  a g r a d u a l l y  e v o l v i n g  c o n s o r t i u m  o f  i n p u t -  
o u t p u t  m o d e l s  and  t h e i r  b u i l d e r s .  The  I n f o r u m  mode l  o f  t h e  U n i t e d  
S t a t e s  is  t h e  e l d e s t  a n d  a t  p r e s e n t  m o s t  c o m p l e t e  member o f  t h e  
group. Models, varying i n  s i z e  from the  190 sec to r  U . S .  model t o  
t h e  50-sector Belgian model, a re  present ly  a v a i l a b l e  fo r  Japan, the  
United S t a t e s ,  Canada, Belgium, France, Federal Republic of Ger- 
many, and B r i t a i n .  Models of Hungary and the  Netherlands a re  under 
cons t ruc t ion ,  and groups i n  Austr ia ,  South Korea, Sweden, Finland, 
and the German Democratic Republic expect t o  begin work on members 
of the family i n  the near f u t u r e .  I expect t o  work personal ly  on a  
simple I t a l i a n  model i n  the next few months. For most of coun- 
t r i e s ,  we a re  working w i t h  groups i n  t he  country involved. Their 
p a r t i c i p a t i o n  ranges, i n  p r i n c i p l e ,  from oraganizat ion of da ta  and 
guidance i n  i t s  use t o  f u l l  determination of the  model's equations.  
The programming for  reading i n  data  and equat ions,  fo r  impos- 
ing scenar ios  i n  convenient ways, fo r  per forming standard input- 
output  ca lcu la t ions ,  and f o r  making nice output  d i sp lays  i s  t he  
same i n  a l l  the  models. T h i s  programming i s  extens ive ,  ted ious ,  and 
almost devoid of economic content ,  except for  the  input-output 
accounting scheme which it embodies. There is no need for  i t  t o  be 
d i f f e r e n t  for  d i f f e r e n t  coun t r i e s .  Indeed, i t  is prec i se ly  i t s  
uniformity from country t o  country t h a t  makes i t  poss ib le  of the  
bas ic  operat ing manual of a l l  of the models t o  be s imi la r  enough 
f o r  one person t o  run scenar ios  on a l l  of the  models. 
O n  the other hand, each na t ional  model works w i t h i n  t he  s t a -  
t i s t i c a l  system of i ts  own country.  Consequently, it can use the  
most up-to-date information and the most d e t a i l e d  input-output 
t a b l e s  ava i l ab le .  The r e s u l t s  a re  i n  the  s t a t i s t i c a l  system fami- 
l i a r  t o  economists and business planners w i t h i n  t he  country. The 
i n t e r n a t i o n a l  t rade  model, however, works i n  a  s tandard,  119-commo- 
d i t y  c l a s s i f i c a t i o n  based on the  Standard I n t e r n a t i o n a l  Trade Clas- 
s i f i c a t i o n  ( S I T C ) .  How we bridge between the  country models i n  
t h e i r  d ive r se  c l a s s i f i c a t i o n s  and the  SITC-based t r a d e  model i s  
explained below where the t r ade  model is described.  
I .  CONSTRUCTUION OF A NATIONAL MODEL 
- -  -- 
The c o n s t r u c t i o n  of a  count ry  model of t h i s  family  beg ins ,  of 
cou r se ,  with t h e  c o l l e c t i o n  and o r g a n i z a t i o n  of d a t a .  An appendix 
t o  t h i s  paper l i s t s  t h e  kinds of d a t a  needed. With a s  l i t t l e  a s  a  
s i n g l e  inpu t -ou tpu t  t a b l e ,  however, one can produce a  func t ion ing  
model us ing t h e  b a s i c  program. The f o r e c a s t  t h i s  model f i r s t  makes 
a r e  e x t r a o r d i n a r i l y  u n i n t e r e s t i n g :  a l l  f i n a l  demands grow a t  f i v e  
p e r c e n t  per y e a r ,  a l l  input-output  c o e f f i c i e n t s  a r e  c o n s t a n t ,  s o  
o u t p u t s  a l s o  grow a t  f i v e  pe rcen t  per yea r .  B u t  without  any f u r t h e r  
programing,  one can e a s i l y  s p e c i f y  t h e  time pa th  of any c e l l  o r  
group of c e l l s  i n  t h e  f i n a l  demand ma t r ix ,  o r  t h e  pa th  of any 
input -ou tpu t  c o e f f i c i e n t ,  o r  of l abo r  p r o d u c t i v i t y  o r  of any com- 
ponent of value  added in  any indus t ry .  Nice t a b u l a r  d i s p l a y s ,  
c l e a r l y  l a b l e d  i n  any language,  can be e a s i l y  made. The program 
which does t h i s  is known a s  S l imforp  -- f o r p  f o r  f o r e c a s t i n g  pro- 
gram, Slim because t he  program w i l l  f a t t e n  s l i g h t l y  (probably  no t  
more than f i v e  or  t e n  p e r c e n t )  a s  t h e  model is developed.  
S t i l l ,  a t  t h i s  p o i n t ,  t h e  model has only  t h e  inpu t -ou tpu t  
t a b l e  a s  economic con ten t .  So one then goes t o  work t o  e s t i m a t e  
v a r i o u s  s e t s  of behav iora l  equa t ions  and t o  i n t roduce  them set-by- 
s e t .  For example, one may e s t i m a t e  any s o r t  of consumer demand 
f u n c t i o n s  one wishes ,  w r i t e  t h e  paramete rs  i n  a  s t anda rd  format 
expected by t h e  program, and add t o  t h e  S l imforp  program, a t  a  
c l e a r l y  i n d i c a t e d  s p o t ,  t h e  f o r t r a n  necessary  t o  i n t e r p r e t  t hose  
paramete rs  p rope r ly .  The same is t r u e  f o r  inves tment ,  import ,  
e x p o r t ,  inpu t -ou tpu t  c o e f f i c i e n t  change, inven tory  change, l abo r  
p r o d u c t i v i t y ,  wage and p r o f i t  equa t ions .  A s  each group of equa- 
t i o n s  is added, t he  model can be run t o  check t h e  programming and 
t h e  parameters  f o r  t h a t  p a r t i c u l a r  a d d i t i o n .  One is  no t  requ i red  
t o  make a l l  of t h e  equa t ions  f o r  s a y ,  l abo r  p r o d u c t i v i t y  have t h e  
same f u n c t i o n a l  form, f o r  one of t h e  paramete rs  can be used t o  
i n d i c a t e  which of s e v e r a l  forms a  p a r t i c u l a r  equa t ion  u se s .  
A l l  o f  t h e  p rogramming  f o r  m o d i f y i n g  o r  o v e r r i d i n g  t h e  r e s u l t s  
o f  t h e  e q u a t i o n s  r e m a i n s  i n  p l a c e  a n d  r e a d y  t o  u s e  a f t e r  t h e  " f a t -  
t e n i n g "  o f  t h e  p r o g r a m .  I f ,  f o r  e x a m p l e ,  o n e  w a n t s  t o  m u l t i p l y  t h e  
1 9 8 0  e x p o r t s  o f  i n p u t - o u t p u t  s e c t o r  3  by 1.01, t h e  1 9 8 5  f o r e c a s t  o f  
t h i s  i t e m  by 1 . 1 5 ;  t h e  1 9 9 0  f o r e c a s t ,  by  1 . 1 8 ;  and  t h e  i n t e r v e n i n g  
y e a r s ,  by m u l t i p l i e r s  o b t a i n e d  f r o m  t h e s e  by l i n e a r  i n t e r p o l a t i o n ,  
t h e n  o n e  n e e d s  o n l y  t h e  f o l l o w i n g  c a r d :  
EXP,M 3 ,  8 0 , 1 . 0 1 ,  8 5 , 1 . 1 5 ,  9 0 , 1 . 1 8 ,  
a n d  t h e  p r o g r a m  d o e s  t h e  r e s t .  
I n s t e a d  o f  m u l t i p l y i n g  t h e  e q u a t i o n ' s  r e s u l t  by a  s p e c i f i e d  
f u n c t i o n  o f  t i m e ,  w e  c o u l d  add  t h e  f u n c t i o n  t o  it  o r  r e p l a c e  i t  by 
t h e  f u n c t i o n  by c h a n g i n g  t h e  M i n  t h e  e x a m p l e  t o  t h e  a p p r o p r i a t e  
l e t t e r .  F i x e s  o f  t h i s  s o r t  may a l s o  b e  a p p l i e d  t o  q r o u p s  o f  c e l l s ;  
w e  c o u l d ,  f o r  e x a m p l e ,  c o n t r o l  t h e  t o t a l  consumer  e x p e n d i t u r e  on 
d u r a b l e s  t o  some p r e s p e c i f i e d  v a l u e .  T h i s  f e a t u r e  h a s  p r o v e n  e s p e -  
c i a l l y  v a l u a b l e  when u s i n g  t h e  m o d e l s  t o  s p e l l  o u t  t h e  c o n s e q u e n c e s  
f o r  i d u s t r i e s  of  macro-economic  f o r e c a s t s  made by more  a g g r e g a t e  
m o d e l s .  
C h a n g e s  i n  i n p u t - o u t p u t  c o e f f i c i e n t s  a r e  e q u a l l y  e a s i l y  s p e c i -  
f i e d .  For  e x a m p l e ,  i f  t h e  b a s e  y e a r  o f  t h e  model  is 1 9 7 5  a n d  w e  
w a n t  t h e  A-mat r ix  c o e f f i c i e n t  f o r  s a l e s  f r o m  i n s u s t r y  1 7  t o  i n d u s -  
t r y  25 t o  d r o p  t o  8 0  p e r c e n t  o f  i t  1 9 7 5  v a l u e  by 1 9 7 9 ,  t o  6 0  p e r -  
c e n t  by 1 9 8 4 ,  and t o  o n l y  5 5  p e r c e n t  b y  1 9 9 0 ,  w e  need o n l y  t h e  c a r d  
A M , I  1 7 , 2 5 ,  7 5 , 1 . 0 ,  7 9 , . 8 0 ,  8 4 , . 6 0 ,  8 0 , . 5 5 .  
The AM s t a n d s  f o r  A - m a t r i x ,  and t h e  I i n d i c a t e s  t h a t  t h e  c o e f f i -  
c i e n t  is b e i n g  s p e c i f i e d  a s  a n  i n d e x .  
Each n a t i o n a l  model  h a s ,  when f i n i s h e d ,  two p a r t s ,  o r  " s i d e s "  
-- t h e  r e a l  s i d e  and t h e  p r i ce -wage- income s i d e ,  c a l l e d ,  f o r  s h o r t ,  
t h e  p r i c e  s i d e .  The r e a l  s i d e  d e t e r m i n e s  c o n s u m p t i o n  e x p e n d i t u r e ,  
e x p o r t s ,  i m p o r t s ,  i n d u s t r y  o u t p u t s ,  a n d  i n v e s t m e n t  -- a l l  i n  con-  
s t a n t  p r i c e s  -- and  employment .  The p r i c e  s i d e  d e t e r m i n e s ,  f o r  
v a r i o u s  i n d u s t r i e s ,  t h e  wage r a t e  and t h e  c a p i t a l  income per  u n i t  
o f  o u t p u t .  I t  a l l ows  one t o  s p e c i f y  t h e  e f f e c t  on p r i c e s  of changes 
i n  s o c i a l  s e c u r i t y  t a x e s ,  e x c i s e  t a x e s  o r  s u b s i d i e s .  The e f f e c t  of  
t h e  p r i c e s  of f o r e i g n  goods on t h e  p r i c e s  of  domes t i c  p roduc t s  
which use them i s  a l s o  b u i l t  i n .  The r e s u l t s  of  t h e  p r i c e  s i d e  
i n f l u e n c e  t h e  r e a l  s i d e  through t h e  r o l e  of r e l a t i v e  p r i c e s  i n  t h e  
p e r s o n a l  consumption f u n c t i o n s  and t h e  inpu t -ou tpu t  c o e f f i c i e n t  
change f u n c t i o n s .  Likewise ,  t h e  e x p o r t  and import  f u n c t i o n s  t a k e  
account  of domest ic  p r i c e s  r e l a t i v e  t o  p r i c e s  i n  o t h e r  c o u n t r i e s .  
The p r i c e  s i d e  r e c e i v e s  i n f l u e n c e s  from t h e  r e a l  s i d e  p r i m a r i l y  
through t h e  a c t i o n  of unemployment on wage r a t e s  and c a p i t a l  u t i l i -  
z a t i o n  on p r o f i t  r a t e s .  
~t would be n a t u r a l  t o  i t e r a t e  back and f o r t h  between t h e  r e a l  
s i d e  and t h e  p r i c e  s i d e  du r ing  each  year  of  t h e  f o r e c a s t .  I n  f a c t ,  
because t h e  r e a l  s i d e  is u s u a l l y  f a i r l y  well-developed be fo r e  t h e  
p r i c e  s i d e  is  s t a r t e d ,  t h e  two models a r e  s e p a r a t e ,  and each s i d e  
i s ,  a t  p r e s e n t ,  run s e p a r a t e l y  over t h e  e n t i r e  f o r e c a s t  p e r i o d ,  
f i r s t  t h e  r e a l  s i d e ,  then  t h e  p r i c e  s i d e ,  then  t h e  r e a l  s i d e  aga in .  
T h i s  procedure  does  not  correspond t o  t h e  way t h e  economy works bu t  
r a t h e r  t o  t h e  e v o l u t i o n a r y  h i s t o r y  of t h e  models. However, on t h e  
b a s i s  of expe r i ence  wi th  t h e  U.S. and Japanese  models,  t h e  on ly  
ones  wi th  well-developed p r i c e  s i d e s  a t  p r e s e n t ,  it seems t o  work 
reasonab ly  we l l .  
S t r u c t u r e  of t h e  Real S ide  
- 
The b a s i c  l o g i c  o f  t h e  r e a l  s i d e  model beg in s  from a  t a r g e t  
l e v e l  of employment f o r  f u t u r e  y e a r s .  A t r i a l  p r o j e c t i o n  of 
d i s p o s a b l e  income i s  made, p e r s o n a l  consumption e x p e n d i t u r e s  ca lcu-  
l a t e d ,  exogenous government expend i t u r e s  added i n ,  e x p o r t s  based on 
f o r e i g n  demands and domest ic- to- fore ign p r i c e  r a t i o s  a l s o  added, 
a long  wi th  inves tment ,  based,  i n  each y e a r ,  on replacement r e q u i r e -  
ments and growth i n  output i n  t h a t  year and previous years .  The 
sum of these  components g ives  f i n a l  demands except f o r  inventory 
change and without o f f s e t t i n g  imports. Imports and inventory change 
a r e  then ca lcula ted  sector-by-sector along w i t h  outputs  i n  a  Seide l  
i t e r a t i v e  process.  Imports genera l ly  depend upon domestic use of 
t h e  product and inventory change depends on changes i n  t h i s  use 
s i n c e  the previous year.  From outputs ,  employment is ca lcu la ted  and 
compared w i t h  the t a r g e t  employment. I f  i t  is below the  t a r g e t ,  
t h e  disposable  income p ro jec t ion  is revised upward and the  ca lcula-  
t i o n  repeated t o  achieve the  spec i f i ed  l e v e l  of employment. T h i s  
l o g i c  leaves unanswered the quest ion of whether the  income gen- 
e ra ted  by t h i s  l e v e l  of employment and output  would give the  
disposable  income which was assumed. The f u l l  answer t o  t h a t  uues- 
t i o n  is one of the tasks  of the  p r i c e  model, t o  which we s h a l l  come 
i n  a  few pages. For t h e  moment, however, i t  is enough t o  r e a l i z e  
t h a t  by properly adjus t ing  the  tax r a t e s  t h i s  l e v e l  of disposable  
income can c e r t a i n l y  be obtained from the  before-tax income gen- 
e ra ted  by the fo recas t .  
I have s t r e s sed  the  f l e x i b i l i t y  of these models t o  accommodate 
var ious  types of equations.  Nonetheless, i t  is  undeniable t h a t  i f  
t h e  s p e c i f i c a t i o n  of the  equat ions is l e f t  t o  me and my c lose  asso- 
c i a t e s  a t  Inforum and I I A S A ,  we w i l l  use equat ions w i t h  which we 
have had good experiences and avoid some otherwise popular types 
t h a t  have given u s  t rouble .  For personal consumption expenditure ,  
we a re  prone t o  use a  system of consumption funct ions  which accom- 
modates both complimentarity and s u b s t i t u t a b i l i t y  among products ,  
al lows s t rong interdependence among c lose ly  r e l a t e d  products and 
weak interdepence among o t h e r s ,  ye t  avoids c e r t a i n  pecu l i a r  proper- 
t i e s  of the other systems known t o  me. T h i s  system is  described i n  
[ l ]  . Import funct ions a re  ap t  t o  take the  form 
where 
yit = imports of good i in year t 
Uit = domestic use of good i in year t 
Pfit = foreign prices for i, averaged over several years prior 
to t and averaged over countries with weights 
proportional to our country's imports from them. 
edit = domestic prices averaged over several years, 
ending in t. 
Note that although this function has a constant price elasticity, 
it is a linear function of total use. The parameter bi gives the 
assymptotic share of imports in total use as use grows without 
change in the ratio of foreign and domestic prices. 
Labor productivity, if no one has a better idea, is apt to 
follow a simple exponential trend, because we have had many prob- 
lems with more ambitious forms. Investment usually depends on 
lagged first differences of output, with some provision for 
replacement investment. Results of the estimation of the 
behavioral equations are available in Inforum research reports on 
the various models. 
In the American model, we are experimenting with the Diewert 
or "square-root" production function for input-output coefficient 
change, as described in the contribution of Peter Taylor to this 
congress. 
S t r u c t u r e  of t h e  p r i c e  Side 
- --
The p r i c e  s i d e  of t h e  model i s  based on t h e  equa t ion  
where 
p  is t h e  row vec to r  of domestic p r i c e s  
f  i s  t h e  row vec tor  of fo r i egn  p r i c e s  
v  i s  t h e  row vec tor  of va lue  added 
D i s  t he  i-o matr ix  of domes t i ca l ly  produced i n p u t s  
M is t h e  i-o matr ix  of imported inpu t s .  
On the  r e a l  s i d e ,  we needed only t h e  t o t a l  input-output  mat r ix ,  
A = D + M ;  we did  not  a t t empt  t o  use t h e  import ma t r ix ,  M ,  t o  c a l -  
c u l a t e  imports  by produc t ,  because (1) i t s  use would nea r ly  double 
t h e  co re  s t o r a g e  requirements  of t h e  program a t  p r e c i s e l y  t h e  po in t  
-- t h e  input-output  computations -- where they  a l r eady  l i m i t  t he  
s i z e  of t he  model, and ( 2 )  t h e  presence of t o t a l  use ,  r a t h e r  than 
import-weighted use ,  makes it easy t o  keep imports  i n  a  reasonable  . 
r e l a t i o n  t o  t o t a l  use .  
B u t  on t h e  p r i c e  s i d e  of t h e  model, t h e  l o g i c  of t h e  equa t ions  
r e q u i r e s  the  s e p a r a t i o n  of t h e  D and M mat r i ce s .  For t h e  U.S. 
model, where t he re  is no M matr ix  a v a i l a b l e ,  we simply assumed t h a t  
each row of M was p ropor t iona l  t o  t h e  corresponding row of A ,  t h a t  
i s ,  t h a t  f o r  any given produc t ,  imports  were t h e  same sha re  of each 
f low i n  the  row. B u t  f o r  most of t h e  European models, t h e  s t a t i s -  
t i c i a n s  have prevented u s  from making t h i s  convenient  assumption by 
provid ing  both D and M mat r i ce s .  We f e e l  duty-bound t o  use them. 
B u t  how do we f o r e c a s t  D and M s e p a r a t e l y ?  I t  is only t h e  
t o t a l  mat r ix ,  A ,  which has t echno log ica l  meaning and can be fo re -  
c a s t  from t echno log ica l  or product ion-funct ion c o n s i d e r a t i o n s .  I f  
w e  have from t h e  r e a l  s i d e  model a  f o r e c a s t  o f  t o t a l  i m p o r t s  of  
p r o d u c t  i f o r  y e a r  t ,  y i t ,  a  f o r e c a s t  of  t h e  t o t a l  i n p u t - o u t p u t  
f l o w s  i n  e a c h  c e l l  i n  row i i n  y e a r  t ,  x and t h e  b a s e  y e a r  i j t  ' 
i m p o r t  s h a r e s  i n  e a c h  of  t h e s e  c e l l s ,  m i j o f  how s h o u l d  w e  r e v i s e  
t h e  impor t  s h a r e s  t o  be c o n s i s t e n t  w i t h  t h e  t o t a l  i m p o r t s ?  S c a l i n g  
them a l l  up by t h e  same p e r c e n t a g e  may d r i v e  some o f  them above  
1.0. A r u l e  was needed which would p u t  t h e  h i g h e s t  p e r c e n t a g e  
i n c r e a s e s  i n  c e l l s  which i n i t i a l l y  had low impor t  p e n e t r a t i o n ,  y e t  
r e c o g n i z e  t h a t  z e r o  i n i t i a l  p e n e t r a t i o n  p r o b a b l y  meant t h a t  i m p o r t s  
were  n o t  f e a s i b l e  f o r  t h a t  c e l l .  Such a  r u l e  is  g i v e n  by t h e  f o r -  
mula 
m = m / ( m  + k . ( l  -m 
i j t  i j o  i j o  1 i j o  1 )  
w i t h  k i  d e t e r m i n e d  by 
Am *x - 
J i j t  i j t  - Y i t  • 
T h i s  n o n - l i n e a r  f u n c t i o n  of  k is  e a s i l y  s o l v e d  by a  Newton i t e r a -  
t i o n .  The r e l a t i o n  between t h e  b a s e  y e a r  and t h e  r e v i s e d  v a l u e  of  
m i j  i s  shown i n  f i g u r e  1 f o r  s e v e r a l  v a l u e s  of k .  
Fro S H A R  c- Rrvlsa~ FUNCTIONS 
By c a r e f u l  p r o g r a m m i n g ,  i t  is p o s s i b l e  t o  b r i n g  i n t o  c o r e  t h e  
A m a t r i x ,  c o n v e r t  i t  row-by-row t o  t h e  D m a t r i x  by t h e  a b o v e  f o r -  
m u l a ,  and a t  t h e  same time t o  c r e a t e  t h e  fM v e c t o r ,  s o  t h a t  it is  
n e v e r  n e c e s s a r y  t o  h a v e  b o t h  t h e  D a n d  M m a t r i c e s  i n  c o r e .  Conse-  
q u e n t l y ,  core r e q u i r e m e n t s  a r e  k e p t  t o  t h e  s i z e  o f  t h e  A m a t r i x  
p l u s  a  few v e c t o r s .  
The  c a l c u l a t i o n  j u s t  d e s c r i b e d  i s  p a r t  o f  t h e  s t a n d a r d  s l i m -  
f o r p  f o r  t h e  p r i c e  s i d e .  The  economic  s u b s t a n c e  o f  t h e  p r i c e  s i d e  
i s  c o n t a i n e d  i n  t h e  e q u a t i o n s  e x p l a i n i n g  t h e  v e c t o r  o f  v a l u e  a d d e d ,  
v .  A c t u a l l y ,  t h e  model  w o r k s  w i t h  a  V m a t r i x  i n  w h i c h  t y p i c a l  r o w s  
a r e :  
Wages and  s a l a r i e s  o f  e m p l o y e e s  
Wage s u p p l e m e n t s  
P r o p r i e t o r s '  i ncome 
I n d i r e c t  t a x e s  
D e p r e c i a t i o n  
P r o p e r t y  income ( b e f o r e  t a x  p r o f  i t s  a n d  i n t e r e s t )  . 
Each o f  t h e  may b e  f u r t h e r  s u b d i v i d e d .  The s l i m f o r p  mode l  p r o v i d e s  
f o r  a  number o f  e q u a t i o n s  t o  b e  c a l c u l a t e d  a n d  t h e n ,  g u i d e d  by a n  
i n d e x i n g  m a t r i x ,  moves  f o r w a r d  e a c h  e l e m e n t  o f  t h e  b a s e - y e a r  V 
m a t r i x  by t h e  p e r c e n t  i n d i c a t e d  by t h e  a p p r o p r i a t e  e q u a t i o n .  The 
l a b o r  income rows a r e  a u t o m a t i c a l l y  a d j u s t e d  f o r  l a b o r  p r o d u c -  
t i v i t y .  The rows o f  V a r e  t h e n  added  t o g e t h e r  t o  g e t  t h e  v  v e c t o r  
t h a t  g o e s  i n t o  e q u a t i o n  ( 2 ) .  
T h i s  s t a n d a r d  s l i m f o r p  f o r  t h e  p r i c e  s i d e  is  b r a n d  new a n d  i s  
now b e i n g  t e s t e d  o n  t h e  D u t c h  mode l .  A s  w i t h  t h e  s l i m f o r p  f o r  t h e  
r e a l  s i d e ,  i t  p r o v i d e s  e a s i l y  u s e d ,  f l e x i b l e  ways  t o  s p e c i f y  
s c e n a r i o s .  The o t h e r  E u r o p e a n  m o d e l s  d o  n o t  y e t  h a v e  p r i c e  s i d e s ,  
a n d  t h e s e  m u s t  b e  c o n s t r u c t e d  b e f o r e  t h e  p r i c e - d e p e n d e n t  p a r t  o f  
t h e  i n t e r n a t i o n a l  l i n k i n g  mechanism c a n  b e  u s e d .  
The c o m p u t i n g  power r e q u i r e d  by t h e s e  m o d e l s  is m o d e s t .  
N a t i o n a l  m o d e l s  o f  u p  t o  1 0 0  s e c t o r s  c a n  b e  r u n  o n  a PDP 1 8 / 7 5 ,  a  
l a r g e  " m i n i "  s e l l i n g  f o r  a b o u t  $250 ,000  c o m p l e t e .  We h a v e  made 
e v e r y  e f f o r t  t o  k e e p  t h e  f o r t r a n  s i m p l e  and e a s y  t o  r e a d .  W e  
b e l i e v e  t h a t  i t  c a n  be r u n  w i t h  minor  c h a n g e  on n e a r l y  a n y  s y s t e m .  
M a s s i v e  d a t a  i n p u t  and o u t p u t  is h a n d l e d  by a  s p e c i a l  s u b r o u t i n e  
w h i c h  makes u s e  o f  s p e c i a l ,  s y s t e m  d e p e n d e n t ,  h i g h - s p e e d  d a t a  
i n p u t - o u t p u t  r o u t i n e s .  T h i s  s u b r o u t i n e  would  n e e d  t o  be  r e - w r i t t e n  
f o r  a d i f f e r e n t  s y s t e m ;  however ,  a  s low-work ing  f o r t r a n  v e r s i o n  o f  
t h e  s u b r o u t i n e  is  a v a i l a b l e .  
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B e c a u s e  t h e  n a t i o n a l  m o d e l s  a r e  n o t  y e t  a l l  o p e r a t i n g ,  t h e  
l i n k i n g  mechanism h a s  n o t  y e t  been  p u t  t o  work.  The n e c e s s a r y  
d a t a ,  however ,  h a v e  been  g a t h e r e d ;  and  many o f  t h e  e q u a t i o n s ,  
e s t i m a t e d .  
The t r a d e  m o d e l ,  w h i c h  l i n k s  t h e  n a t i o n a l  m o d e l s ,  w o r k s  w i t h  
1 1 9  commodity g r o u p s ,  d e f i n e d  i n  SITC t e r m s ,  and  c a r e f u l l y  s e l e c t e d  
t o  complement  t h e  s e c t o r i n g  p l a n s  o f  t h e  m o s t  d e t a i l e d  n a t i o n a l  
m o d e l s .  T i m e  s e r i e s  back  t o  1962  o n  b i l a t e r a l  t r a d e  f l o w  i n  t h e s e  
c a t e g o r i e s  h a s  been  o r g a n i z e d  f rom OECD t a p e s  k i n d l y  made a v a i l a b l e  
t o  u s  t h r o u g h  t h e  World Bank. B e c a u s e  o f  t h e  immense amount  o f  work 
i n v o l v e d  i n  a s s e m b l i n g  t h e s e  time s e r i e s ,  a n d  t h e  s m a l l  e x t r a  c o s t  
o f  c a r r y i n g  more p r o d u c t  d e t a i l ,  t h e  1 1 9  s e c t o r s  w e r e  d e s i g n e d  t o  
g i v e  t h e  n a t i o n a l  m o d e l s  "room t o  grow."  
Each n a t i o n a l  model  g e n e r a t e s  i m p o r t s  i n  i t s  own c l a s s i f i c a -  
t i o n .  T h e s e  w i l l  t h e n  be p u t  i n t o  d o l l a r s  and  u s e d  a s  i n d e p e n d e n t  
v a r i a b l e s  i n  r e g r e s s i o n  e q u a t i o n s  h a v i n g  t h e  c o u n t r y ' s  i m p o r t s  i n  
t h e  1 1 9  s e c t o r s  a s  t h e  dependent v a r i a b l e s .  C l e a r l y ,  imports  of 
some n a t i o n a l  s e c t o r s  may be used a s  e x p l a n i t o r y  v a r i a b l e s  f o r  more 
than  one of t he  119 s e c t o r s .  Less f r e q u e n t l y ,  where one of t h e  119 
o v e r l a p s  s e v e r a l  n a t i o n a l  s e c t o r s ,  t h e  imports  of a l l  of t he se  may 
be used t o  exp la in  t h e  imports  i n  t h e  one i n t e r n a t i o n a l  s e c t o r .  
Note t h a t  we have no i n t e n t i o n  of under taking a  d e t a i l e d  matching 
of  n a t i o n a l  and SITC c l a s s i f i c a t i o n s ;  we w i l l  go by g e n e r a l  names 
and the  r e s u l t s  of t h e  r eg re s s ions .  
With a  c o u n t r y ' s  imports t h u s  converted i n t o  t h e  1 1 9  SITC- 
based c a t e g o r i e s ,  we s e t  about deviding t h e  imports  of each 
ca t ego ry  among the  source  c o u n t r i e s .  Equations f o r  t h i s  purpose 
have been es t imated and descr ibed by Douglas Nyhus [ 2 ]  . They use, 
a s  v a r i a b l e s  t o  exp la in  changes from t h e  base year s h a r e s ,  p r i n c i -  
p a l l y  r e l a t i v e  p r i c e s  and time t r ends .  Export-push f a c t o r s ,  such 
a s  investment i n  t he  expor t ing  count ry ,  have no t  been considered 
f o r  l ack  of d a t a  a t  t h e  time of t h e  e s t i m a t i o n .  We now have more 
investment d a t a  and could -- and probably should -- t r y  t o  include 
such e f f e c t s .  The form of t h e  equa t ion ,  i n  s o  f a r  a s  p r i c e s  a r e  
concerned,  is  t h e  fol lowing 
b i j  
s = s *(EP /WP.  ) 
i j t  i j o  i t  jt 
where 
s = share  of count ry  i in imports  of country  j  i n  year t i j t  
~p~~ = t h e  " e f f e c t i v e "  p r i c e  of t h i s  product  i n  count ry  
i i n  year t ,  t h a t  is ,  i t  is a  weighted average of 
p rev ious  y e a r s '  p r i c e s .  No exac t  matching of t h e  SITC 
product  is  attempted.  The most app rop r i a t e  p r i c e  
a v a i l a b l e  from t h e  count ry  model i s  used. 
WP = t h e  "world" p r i c e  of t h i s  product  a s  seen from j t 
from country  j .  
T h i s  l a s t ,  the world p r i ce  a s  seen from country j ,  is not calcu- 
l a t e d  by any simple averaging process ,  but is defined i m p l i c i t l y  
from the requirement t h a t  the sum of the  shares  add up t o  1.0: 
Z T S  
I J  
= s ( E P ~ ~ / W P  1 = I .  
1 i j t  i i j o  I t  
I n  previous work known t o  u s ,  t he  bi j  have been the  same fo r  a l l  i ;  
t h e  above formulation w i t h  the c a l c u l a t i o n  of the  world p r i c e  form 
i t s  impl ic i t  d e f i n i t i o n  add g r e a t l y  t o  the  f l e x i b i l i t y  of the equa- 
t i o n ,  and makes it  poss ib le  t o  f ind  q u i t e  s u b s t a n t i a l  p r i c e  e f f e c t s  
on t rad ing  p a t t e r n s .  
Once the imports of every modelled country have been t h u s  bro- 
ken down by country of o r i g i n ,  they can be summed over importing 
coun t r i e s  to  give the  "exports" of the o r i g i n  coun t r i e s .  Of course,  
these  "exports" a re  not p rec i se ly  exports  a s  reported by the  o r i g i n  
c o u n t r i e s ,  p a r t l y  for  the usual reasons t h a t  make X ' s  expor ts  t o  Y 
d i f f e r e n t  from Y ' s  imports from X ,  and p a r t l y  because not a l l  coun- 
t r i e s  a re  included i n  the system. Nonetheless, when aggregated t o  
match a s  nearly a s  poss ib le  a  na t iona l  model's c l a s s i f i c a t i o n ,  they 
should prove very good explanatory va r i ab les  i n  regression equa- 
t i o n s  for  exports  i n  the na t ional  models. 
A s  w i t h  the i t e r a t i o n  between the r e a l  s i d e  and the  p r i c e  s i d e  
o f  the na t ional  models, the  n a t u r a l  order of i t e r a t i o n  of the  
i n t e r n a t i o n a l  system would be t o  go around a l l  coun t r i e s  each year 
u n t i l  equi l ibr ium i s  reached. B u t  because the  na t iona l  model is 
t he  computing u n i t ,  t h a t  procedure would waste much computer time 
i n  s h i f t i n g  from one model t o  the next.  We plan ,  t h e r e f o r e ,  t o  
make a ten-year f o r e c a s t  w i t h  each na t ional  model and then seek the  
i n t e r n a t i o n a l  equi l ibr ium over a l l  ten years  a t  the  same time. Me 
hope t o  have the  f i r s t  vers ion  t h i s  t r ade  l ink ing  mechanism working 
before the end of t h i s  year.  I t  w i l l  be l a r g e l y  the  c r e a t i o n  of 
Douglas Nyhus. 
The International Institute for Applied Systems Analysis 
(IIASA) in Laxenburg, Austria, where Nyhus and I have been for the 
past nine months, intends to continue this work. It is our hope 
that, through this work, IIASA may become a center for interna- 
tional cooperation in long-term economic forecasting for business 
planning and government policy making. 
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A P P E N D I X  
DATA REQUIREMENTS FOR AN INPUT-OUTPUT MODEL 
I N  THE INFORUM-IIASA FAMILY 
An input-output t a b l e  for  one year.  I t  should d i s t ingu i sh ,  
w i t h i n  the f i n a l  demands, a t  l e a s t  p r i v a t e  consumption, government 
demands, expor ts ,  imports, c a p i t a l  investment, and inventory 
change. 
For Real-Side Model 
--- 
For the est imation of behavioral  equat ions,  h i s t o r i c a l  time 
s e r i e s  a re  necessary. Probably the most important equat ions for  
determining the fu tu re  growth of the economy a r e  t h e  labor produc- 
t i v i t y  equat ions.  They requi re ,  a t  a  m i n i m u m ,  h i s t o r i c a l  s e r i e s  
fo r  
Industry output  i n  constant  p r i c e s  fo r  1-0 s e c t o r s  
Employment by 1-0 s e c t o r s  or aggregates thereof 
I f  h i s t o r i c a l  s e r i e s  cannot be e s t ab l i shed  for  the  outputs  of a l l  
t h e  sec to r s  i n  the published input-output t a b l e s ,  perhaps some of 
t h e  sec to r s  can be aggregated t o  form a  sec tor  for  which outputs  
a r e  ava i l ab le ;  o r ,  i f  aggregation would combine a  n ice ,  c lean sec- 
t o r  l i k e  " r a i l r o a d s "  w i t h  a  mess l i k e  " t r a v e l  agents ,  f r e i g h t  fo r -  
warders, and miscellaneous t r anspor ta t ion  s e r v i c e s , "  then i t  may be 
b e t t e r  t o  make up some very weak s e r i e s  fo r  the  mess s e c t o r .  Dummy 
s e c t o r s  t h a t  have no employment, investment, or import need no out- 
put  s e r i e s .  
The b igges t  f i n a l  demand component i s  always persona l  consump- 
t i o n .  To develop equa t ions  fo r  i t ,  one needs a t  l e a s t  
e i t h e r  
Persona l  Consumption by Input-Output s e c t o r  i n  c u r r e n t  and 
c o n s t a n t  p r i c e s  
or 
Persona l  Consumption Expenditure by c a t e g o r i e s  found i n  t h e  
n a t i o n a l  accounts  and a  b r idge  mat r ix  showing t h e  composit ion 
of  each of t h e s e  c a t e g o r i e s  i n  terms of t h e  1-0 s e c t o r s  f o r  
t h e  base year of t h e  t a b l e .  
TO complete a  s tandard  r e a l  s i d e ,  one needs 
Imports ,  by 1-0 s e c t o r  i n  cons t an t  p r i c e s  
Expor t s ,  by 1-0 s e c t o r  i n  cons t an t  p r i c e s  
Domestic p r i c e  indexes  by 1-0 s e c t o r ,  a t  l e a s t  f o r  goods 
Investment ,  by purchaser ,  i n  1-0 s e c t o r s ,  o r  
agg rega t e s  t h e r e o f ,  and 
An investment flow matr ix  showing how t h e  purchases  of  
each inves t i ng  i n d u s t r y  were d iv ided  among produc ts  of 
t h e  va r ious  1-0 i n d u s t r i e s  
Inven tory  change ( = s tock  b u i l d i n g )  by 1-0 s e c t o r  
I t  is  n i ce  t o  have a l s o ,  f o r  c o e f f i c i e n t  change s t u d i e s ,  
Time s e r i e s  on i n d i v i d u a l  f lows i n  t h e  1-0 t a b l e  
For t h e  Wage-Price-Income S ide  
-- --  
For t h i s  s i d e  of t h e  model, i t  is necessary  t o  have 
The value-added rows of t he  base year  t a b l e  
They should inc lude  a t  l e a s t  a  dev i s ion  among 
l a b o r  income, c a p i t a l  income, and t a x e s .  
Wage r a t e s ,  unemployment r a t e s ,  and any o the r  v a r i a b l e s  
t o  be used i n  t h e  wage r a t e  e q u a t i o n s ,  p r o f i t a b i l i t y  
e q u a t i o n s ,  or  r e l a t i v e  wage equa t ions .  
I t  is  n i ce  t o  have, 
A t ime- se r i e s  of t he  va lue  added rows, perhaps a t  a  more 
agg rega t e  l e v e l  a v a i l a b l e  from t h e  n a t i o n a l  accounts .  
I t  is n o t ,  of course ,  necessary  t o  have a l l  of t h e s e  d a t a  a t  
t h e  o u t s e t .  The d a t a  bank can grow a s  t h e  model is b u i l t .  
